ABSTRACT: The phylogenetic diversity of bacteria isolated on solid media from the Baltic Sea, Mediterranean Sea, Southern CaMornia Bight, Skagerrak, Weddell Sea (ice) and Andaman Sea was investigated by means of 16s rRNA gene sequence analysis. Of the 128 sequenced isolates, 5 2 % showed similarity on the species level to previously reported bacteria, while as many as 18 % showed a sequence similarity below 93%, which in the closest case would represent difference at the genus level. A majority of the isolated y-Proteobactena could be assigned to known species, while half of the a-Proteobacteria were only identified to the genus level. Bacteria affiliated with the FlexibacterCytophaga-Bacteroides phylum showed the lowest levels of s d a r i t y to previously sequenced bacteria, mainly representing novel genera. Closely related isolates most often originated from the same geographic area. Nevertheless, our data also demonstrated that most genera have closely related representatives widely distributed between different sea areas. Isolates related to environmental clones, with a sequence similarity above the tentative genus level, were found in 51 cases, of which 17 were more similar to clones than to cultured bacteria. From this result we concluded that a large proportion of the great species richness of marine bacteria, found by culture-independent techniques, is likely to be verified through information from live and functional bacteria.
INTRODUCTION
The paramount importance of microbial life for the cycling of matter in the oceans makes finding the identity and phylogenetic diversity of the indigenous bacteria an obvious research goal. Presently, the phylogenetic tree of marine bacterioplankton is rapidly growing. This is largely a result of extensive cloning of bacterial 16s rRNA genes from the environment, which has revealed a large number of novel taxonomic groups (Giovannoni et al. 1990 , Fuhrman et al. 1992 , DeLong et al. 1993 , Mullins et al. 1995 , Acinas et al. 1999 . However, since a large majority of these novel taxa are not yet represented by bacteria in culture, the phenotypic expression of these bacteria remains unknown. Microbiologists came to the conclusion that a majority of the bacteria in the sea were unculturable since only a small proportion of the bacteria counted by epifluorescence microscopy were able to form colonies on solid media (Jannasch & Jones 1959 , Kogure et al. 1979 . The remaining bacteria were believed to be unable to grow in culture using thenpresent techniques. This bias against cultured bacteria has been an essential element in the decision to study cloned bacterial DNA instead of isolates of marine bacteria (Giovannoni et al. 1990 , Fuhrman et al. 1992 , Amann et al. 1995 , Pace 1996 , Fuhrman & Campbell 1998 . However, another valid explanation for the discrepancy between total counts of bacteria and colonyforming units might be low plating efficiency due to virus infection or nutrient stress (Rehnstam et al. 1993 , Nystrom 1998 ). In line with this reasoning several recent studies using various hybridization protocols have demonstrated that bacteria that are able to grow on solid media occupy a significantly higher fraction of the bacterial community than the number of colonies on the plates would suggest (Rehnstam et al. 1993 , Fuhrman et al. 1994 , Moran et al. 1995 , Faude & Hofle 1997 , Gonzalez & Moran 1997 , Pinhassi et al. 1997 , Tuomi et al. 1997 , Weinbauer & Hofle 1998 . Thus, significant species information from live and functional bacteria is currently being added to the phylogeny of marine bacteria.
Concurrent with the accumulation of data on the identity of marine bacteria, several authors have addressed questions regarding the biogeographic distribution of marine bacteria. Lee & Fuhrman (1991) made gross comparisons of the bacterial species composition using a whole community DNA hybridization technique, showing that 3 samples from widely separated sea areas (Pacific Ocean, Long Island Sound, Carib-1--_ uean Sea) had less i h i i 1% ?' o siiidaiiti;. Wowevei, sooii thereafter DeLong (1992) found sirmlar Archaea in both Pacific and Atlantic US coastal waters, and also reported 2 pairs of cloned sequences identical between the Southern California Bight and the Sargasso Sea (DeLong 1992 . Furthermore, Mullins et al. (1995) found several near-identical bacterial sequences from different oceans (Mullins et al. 1995) . Based on this information these authors emphasized the presence of a few key microbial groups with widespread occurrence.
Throughout the brief period of marine bacterial phylogeny a major concern has been how to place the new clones and isolates into appropriate taxa. The current species concept in systematic bacteriology is based on the level of crosshybridization between genomic DNA of different strains of bacteria: if crosshybridization is >70%, the bacteria belong to the same species (Wayne et al. 1987 ). This species criterion was further defined by Stackebrandt & Goebel (1994) , who demonstrated that bacteria with crosshybridization levels ~7 0 % never have a 16s rDNA sequence similarity >g?%, and similar results have been presented by others (Devereux et al. 1990 , Amann et al. 1992 . In accordance with these data the intraspecies variability in the 16s rDNA for a number of bacteria have been reported to be low (<2%), although not necessarily zero (Wiik et al. 1995 , Field et al. 1997 , Yoon et al. 1998 . Using these criteria as a basic assumption we previously demonstrated seasonal and short-term succession of different marine bacterial species (Pinhassi et al. 1997 (Pinhassi et al. , 1999 .
In this paper we present information on bacterial isolates collected from different sea areas, some of which have been shown to be important indigenous members of the marine bacterioplankton based on their demonstrated occurrence in the community DNA. In a simple manner the obtained species collection offered a possibility to present a first sketch of the phylogenetic affiliation and biogeographic distribution of cultured marine bacteria.
MATERIALS AND METHODS
Sampling and isolation of bacteria. Bacterial isolates were obtained by spreading samples of seawater onto Zobell agar plates. An effort was made to get representatives of all present colony morphologies in each sample. Samples were collected off the Thailand coast in the Andaman Sea (08"001N, 98"0O8E), from the Weddell Sea in Antarctica (65"001S, 47"00fE), in the Skagerrak (58"56'N, 11°45'E), at point B in the bay of Villefranche-sur-Mer in the Mediterranean Sea (43"41fN, 7"19'E), off Scripps Pier in the Southern California Bight (32"53' N, 1 17" 15' W), and at Stn NB1 in the northern Baltic Sea (63"301N, 1g048'E). Pure cultures of the isolates were stored in glycerol (20% fina! c~nccntraticn) 3: 70°C fcr subseque~! phy!cgenetic characterization.
PCR-amplification, purification of PCR product and sequencing. 16s rRNA gene sequences of bacterial isolates from different sea areas were amplified by means of PCR (polyrnerase chain reaction) using Taq polymerase (Boehringer-Mannheim) from DNA preparations of cultured isolates. Bacterial 16s rDNA primers, 27f:biotinylated (AGAGTTTGATCATGGCTCAG) and 1492r (TACGGYTACCTTGTTACGACTT), were used for amplification (Giovannoni 1991) . The reaction volumes were 50 p1, containing 1 pg template (genomic DNA), 10 mM total dNTP, standard 10x Taq buffer, a total of 15 ng of each primer, and 1 U of Taq polymerase. The PCR amplification conditions were as follows: 1 round of denaturation at 95°C (2 min), annealing at 50°C (30 s) and elongation at 72°C (45 s) and then 29 cycles of 95°C (30 S), 50°C (30 S) and 72°C (45 S) using a DNA thermal cycler 480 (Perkin Elmer). The biotinylated strand was purified using streptavidinecoated magnetic beads (Dynabeads M280-Streptavidine, Dynal AS, Norway). 25 p1 of Dynabeads were washed once in TES-buffer (TE + 0.1 M NaCl), resuspended in 50 p1 TES and incubated for 30 min with the 50 pl PCR reaction at room temperature. The beads were kept in suspension by gently tapping the tubes every 2 min. The biotinylated strand was separated by denaturing for 5 min with 100 yl 0.15 M NaOH and washing once with TES and once with water. The Dynabeads with the purified biotinylated strand were resuspended in 11 p1 water. 16s rDNA nucleotide sequences were determined from the purified single stranded PCR product by automated sequencing, using AB1 PRISM Dye Terminator Cycle Sequencing (Perkin Elmer) with primer 518r (CGTATTACCGCGGCTGCT) (Lane et al. 1985) . The accession numbers for the 16s rRNA gene sequences of the isolates are presented in Table 1 .
Phylogenetic analyses. The phylogenetic trees were constructed by a maximum parsimony method using numbering. Our isolate sequences were compared to existing procaryotic sequences in the GenBank using the 'fasta' command in the GCG-package. Closest matching clones were obtained by the similarity rank command in RDP (Ribosomal Database Project). DNA-DNA relatedness. Cross hybridization between the different bacteria was assessed by hybridization of extracted DNA. The DNA from the different isolates was blotted onto hybridization membranes according to the manufacturer (Hybond-N, Amersham), using a slot blot apparatus (GIBCO BRL). The membranes were then hybridized towards single whoie yellullle prubes prepared by labelling :he genomic DNA prepared from each of the different bacteria with a nick translation kit (Promega) and [a-3 2 P ] d~T P (Amersham) (Pinhassi et al. 1999 (Pinhassi et al. , 1997 . The hybridization signal was detected and quantified using a PhosphorImager (Molecular Dynamics).
RESULTS
Over a number of years we collected approximately 500 bacterial isolates from the Baltic Sea (BAL), Mediterranean (MED), Southern California Bight (SCB), Skagerrak (SKA), Weddell Sea ice (ANT) and the Andaman Sea (AND). Based on differences in colony morphology we selected 215 isolates to be sequenced, out of which 128 different isolates are included in the present analysis (Table 1 ). The remaining sequenced isolates were replicates or near identical and were omitted for the sake of clarity. The extensive list in Table 1 includes 26 species that have been demonstrated to be dominant components of the community DNA at different locations. For example SCB8 and SCBll showed bloom occurrence in the waters off Scripps Pier (Rehnstam et al. 1993 ), SCB37 and SCB54 acheved high numbers in 2 seawater mesocosm experiments (Pinhassi et al. 1999) , and BAL8 and BALl l occurred at high abundance during different times of the year in the Baltic Sea (Pinhassi et al. 1997 ).
Ideally bacterial systematics should rely on both genotypic and phenotypic characteristics, i.e. a polyphasic approach (Wayne et al. 1987 , Murray et al. 1990 . For this study, however, we elected to use only 16s rRNA sequence information since this would allow a comparison to environmental clones that, due to the lack of phenotypic traits, have been assigned taxonomic affiliation solely on 16s rRNA sequence information. Partial sequences of the 16s rRNA gene (350 to 400 bases) were used in the analysis. Therefore a comparison of the variability of the full-length sequence and the partial sequence was made to ensure that the partial sequences were long enough to resolve taxonomic differentiation between isolates. Sequences from closely related isolates of each of the Cytophaga, a-Proteobacteria and y-Proteobacteria groups were aligned and the corresponding similarity values were recorded. Furthermore, sequences were compared between groups, thus generating alignments with lower match. The resulting dataset from 16 comparisons was evaluated using a linear regression showing a high degree of correlation between full length and partial sequences (r2 = 0.975, p < 0.005). On average the difference in similarity was less than 1 %. A series of measurements on the crosshybridization between different isolates was carried out to establish a level of sequence similarity recjuircd tc tel! differezt species 1z.1 nonera S----apart From the results we could compile the degree of DNA-DNA relatedness versus the similarity between the respective 16s rRNA gene sequences (Fig. l ) , although a few outliers were present in the dataset. From this graph, and similar data from previous compilations (Devereux et al. 1990 , Amann et al. 1992 , Stackebrandt & Goebel 1994 , we decided that isolates with a sequence similarity of 297 % were representatives of the same species. Furthermore, a similarity between 97 and 93 % would represent identity at the genus level but difference at the species level. The minimum level of sequence similarity chosen for our tentative genus designation (>g3 %) was a conservative limit based on the taxonomic discussion of genus identity among 3 different bacterial groups (Devereux et al. 1990 , Dobson et al. 1993 , Wiik et al. 1995 . The sequence similarity values of our isolates to previously reported organisms are presented in Table 1 . Half of our isolates showed a 16s rRNA gene sequence similarity of c97 % to previously reported sequences, and 18 % showed similarities ranging from 82 to 93 % (Table 2) . These low similarity values indicate novelty at the genus level. The Flexibacter-Cytophaga-Bacteroides phylum appeared as the least known taxon, whereas the y-Proteobactena generally showed high similarity values to known bacteria.
Environmental clones related to our isolates were included in Table 1 when the sequence similarity suggested a relationship above the tentative genus level. This was the case for 51 isolates, of which 17 were more similar to clones than to cultured bacteria. For example, SCB28 was 100 % similar to environmental clone GAC-2 while being 97 % similar to a Roseobacterisolate.
The a-Proteobacteria. Fig. 2 shows a phylogenetic tree of the isolated cc-Proteobacteria. A majority of these isolates were divided into 2 separate lineages, largely representing the genera Roseobacter and Sphingomonas. A prominent feature was the lack of Roseobacter isolates in the Baltic Sea, and the lack of bacteria with origin other than the Baltic Sea within the Sphingomonas. Although in a distant branch, the Southern California Bight isolate SCB21 and the Baltic isolate, BAL40, also produced high similarity to known Sphingomonas. Among the Roseobacter, isolates were found from the Southern California Bight, Mediterranean Sea, and Skagerrak. A separate cluster was also formed by 3 different Hyphomonas species from the Skagerrak. Near identical sequences of bacteria collected in different sea areas were found in 2 cases: the Roseobacter isolates from the Southern California Bight (SCB34) and the Mediterranean Sea (MEDG) were close to identical and from the same sea areas, and the Erythrobacter isolates SCB26 and MED17 were 99.1 % similar.
The y-Proteobacteria. Almost half of our isolates belonged to the y-Proteobacteria (Fig. 3) . Two-thirds of ent sea areas were found, but the heterogeneity within the genera was higher and no identical isolates origi-
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A nating from different sea areas were found. A striking feature was the lack of isolates from the Baltic Sea anlong the genera Vibrio, Pseudoalteromonas, and Alterornonas. The Baltic isolates were instead found among Pseudomonas, Shewanella, and the Acinetobacter. The genus Acinetobacter was found together with a number of halotolerant and psychrophilic bacterial genera in a deeply rooted cluster, possibly related at the family level.
The Flexibacter-Cytophaga-Bacteroides phylum. The bacterial isolates affiliated with this phylum were distributed among 4 major lineages (Fig. 4) . The bacteria from the Baltic Sea were mainly divided into 2 major clusters separated from bacteria of other geographic origins. One lineage represented bacteria close to Flexibacter and the other represented a subcluster of the Cytophaga-Flavobacterium branch. Several of the Southern California Bight isolates clustered with Mediterranean isolates, although only 1 instance of close relationship between the Southern California Bight and the Mediterranean was found in this group: SCB46 and MED21 showing a sequence similarity of 99.4 %. Three other Southern California Bight isolates (SCB36, -37, -49) formed a loose cluster with Polaribacter sp. as the closest neighbour. The isolates from the Mediterranean clustered separately. Speclfic lineages separated at the genus level were also characteristic of 7 of the 8 isolates from the Southern California Bight.
The Gram-positive and P-Proteobacteria. Only a few Gram-positive isolates were found in the different sea areas (Table 2, Fig. 5 ). The isolates belonging to the P-Proteobacteria (Fig. 5) were also few, but may represent biogeochemically interesting species, since several of them are reported to have the ability to perform nitrogen fixation (Malik & Schlegel 1981) .
DISCUSSION
In this study the diversity of bacteria isolated on solid media from a number of different sea areas was investigated by means of 16s rRNA gene sequencing. The phylogenetic analyses revealed a considerable species diversity among the isolated bacteria, with sequence similarity values of the isolates to previously reported sequences ranging from 82 to 100% (Table 1) . Notably, half of the isolates showed a sequence similarity of ~9 7 % to previously reported sequences, with a high proportion (18 %) having sequence similarities ranging from 82 to 93 % (Table 2) . These low similarity values indicate novelty at the genus level, and even at the level of new families (Devereux et al. 1990 ). The incidence of poorly characterized taxa was highest for members of the Flexibacter-Cytophaga-Bacteroides phylum, whereas the y-Proteobacteria generally showed high similarity values to known bacteria. These observations are in agreement with other recent reports on the prevalence of novel bacteria among bacteria in culture (Rehnstam et al. 1993 , Bowman et al. 1997 , Kalmbach et al. 1997 , Pinhassi et al. 1997 , Suzuki et al. 1997 . In a collection of isolates from Pacific waters off the coast of Oregon, a majority of the isolates showed sequence similarities, ranging from 84 to 97 %, to previously reported nearest neighbours in the RDP database (Suzuki et al. 1997) . Similarly, in a study of the phylogenetic diversity among bacterial isolates from Antarctic sea ice, 26 phylogenetic groups putatively equivalent to bacterial genera were found, including several apparently novel genera (Bowman et al. 1997 ).
Thus, the great bacterial diversity in the marine envi- 
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Base changes per nucleotide position ronment found by culture-independent techniques can be extended using information from live and functional bacteria. One-third of the bacteria in this study belonged to the y-Proteobacteria, and a significant proportion of the isolates belonged to the a-Proteobacteria and the Flexibacter-Cytophaga-Bacterioides phylum. The predominance of y-Proteobacteria in the sequence databases as well as in other work on bacteria in culture (Mullins et al. 1995 , Bowman et al. 1997 , Suzuki et al. 1997 ) is in contrast to their scarcity when assessed by culture-independent methods (Giovannoni et al. 1990 , DeLong et al. 1993 . In our experience y-Proteobacteria rapidly form conspicuous colonies, while several of the a-Proteobacteria grow slowly and produce small, nondescript colonies easy to overlook on agar plates. This could be one explanation for the abundance of y-Proteobacteria in culture collections. The poor match to reported sequences of our bacteria matching Cytophaga relatives was, however, unexpected, given the interest in the enzymatic versatility of this taxon, as well as their often vivid coloration.
A number of the isolated bacteria have previously been shown to occupy significant fractions of the bac-Flexibacter-Cytophaga-Bacteroides 
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Microbacterium lacticum Base changes per nucleotide position terioplankton in different environments (Rehnstam et al. 1993 , Pinhassi et al. 1997 , Pinhassi & Hagstrom 2000 , in this issue) (see Table 1 ). It was therefore interesting to investigate the possible degree of similarity of the isolates to organisms detected through environmental cloning. This search showed that 13 % of the isolates showed higher sequence similarities to cloned sequences than to cultured bacteria. This value is in line with the data presented by Suzuki et al. (1997) comparing the sequences of 26 different isolated bacteria to 25 sequences obtained by cloning from the same seawater sample. Their comparison revealed that 3 of the sequences were shared by isolates and clones (Suzuki et al. 1997) . Similar results were found by Chandler et al. (1997) , who showed that the bacterial isolates accounted for 11% of the environmental clones, although the number of different clones was 5 times the number of isolates (Chandler et al. 1997) . Agreement between cultivation and direct cloning techniques have also been demonstrated for the methanogenic community in soil (GroDkopf et al. 1998 ).
Thus, it appears likely that increased efforts to cultivate bacteria from the environment will yield increasing insights into the indigenous bacterial diversity. Geographic distribution of the isolates Bacterioplankton community composition in different sea areas was studied by Lee & Furhman (1991) . Using a whole community DNA hybridization technique, they found a low similarity between Pacific Ocean, Long Island Sound and Caribbean Sea samples (< 16 %) . This result suggested that few bacterioplankton species would be distributed worldwide. However near identical environmental clones from different sea areas have subsequently been reported by DeLong (1992), Mullins et al. (1995) , although they in no case represented the majority of the studied clones. Also, Bowman et al. (1997) found nearly identical isolates in Antarctic sea ice and temperate environments. In the present study, closely related isolates most often originated from the same geographic area. Most genera could be found in the Southern California Bight, the Skagerrak and the northwest Mediterranean, although represented by different species. This is illustrated by the isolates belonging to the genus Pseudoalterornonas, which showed a high degree of similarity between different sea areas, and the Vibno species that seem more specific to each sea area. In the phylogenetic trees the Baltic Sea isolates often formed separate lineages, representing different genera. It is likely that the lack of 'marine' (salt tolerant) genera can be attributed to the low salinity in the northern Baltic (~1 0 %~) .
P-Proteobacteria & Gram positives
Species of Roseobacter and Vibno as well as Alterornonas all have a salt requirement for growth. In their place members of the genera Pseudomonas, Shewanella, and Sphingornonas are common in the Baltic. The presence of the first 2 genera has been demonstrated previously (Hofle & Brettar 1995 , 1996 . In the Baltic the saiiniiy yraciie~~i is a gery stable property and the different community composition (at the genus level) is therefore not unexpected. Instead it is tempting to suggest that other estuarine environments may differ from oceanic environments in the same manner. The Weddell Sea ice represents a seemingly isolated habitat, and may not be expected to harbour bacteria that would occur in other sea areas. However, the Baltic isolate BAL23 belonging to the genus Pseudornonas was almost identical to the Weddell Sea ice isolate ANT3, and together with a second close couple related to Shewanella served to link these 2 remote sea areas. Also, within the genus Pseudoalterornonas, 2 isolates, 1 from the Southern California Bight and 1 from the Mediterranean Sea, were found to be closely related to a Weddell Sea ice isolate.
Divergence and persistence of bacterial species
Widespread species distribution between different sea areas raises the question of how this 'homogeneity' among certain genera is maintained. In order to answer this question several complex issues, such as spreading of surface seawater, mechanisms for transfer of genetic material and the resulting population genetics, have to be considered. Although significant changes in the bacterioplankton species composition occur at various temporal and spatial scales, the persistence of specific bacteria between consecutive years seems to be a general phenomenon (Lee & Fuhrman 1991 , Rehnstam et al. 1993 , Hofle & Brettar 1995 , Faude & Hofle 1997 , Ziemke et al. 1997 . Murray et al. 1998 . It has also been demonstrated that stratification can result in more pronounced differences between different depths sampled in 1 yr than the inter-annual difference at the same depth (Murray et al. 1998 ). This suggests genetically stable and persistent bacterioplankton. However, hard evidence of genetic stability in bacterioplankton populations over long time periods will be difficult to provide, but examples from other sources can be found. An interesting case of genetic stability is seen in the rpoB and pla gene sequences of the Yersinia pestis (the cause of plague). Samples from victims of the epidemics 400 yr ago have been obtained and compared to present isolates, and the comparison demonstrates complete identity of the 2 genes (Drancourt et al. 1998) .
It has been argued that the gradual divergence that will inevitably occur as the result of minor mutational events and reading errors will require recombination as a stabilizing mechanism (Cohan 1995) . If true, this genetic exchange has the potential to constrain intracluster divergence. Transduction is believed to be an important mechanism for transfer of DNA in bacteriop!aalctc~, ar?d tl.lerehy petentially recombinatinn [Bergh et al. 1989 , Fuhrman & Suttle 1993 , Jiang & Paul 1998 ). Jiang & Paul (1998 estimated the frequency of transduction to be between 0 and 100 transductants 1-' d-' in an area off the coast of Florida. Although seemingly small, these numbers are significant when considering extended time periods and large areas. These estimates were obtained by a transduction model using a single phage-host system (Jiang & Paul 1998) . In a concurrent study of a large number of phage-host systems isolated in the North Sea, Wichels et al. (1998) demonstrated that multiple phage species can infect the same Pseudoalterornonas species. Thls would suggest even higher transduction frequencies in complex cornmunities, giving support to the notion of frequent recombination.
When entire genes are transferred the prevailing selection pressure may result in the acquisition of new genetic traits. However, it may be argued that the bacterial chromosome can resist neutral change when no selection pressure is acting. This can be seen in the high degree of conservation in genome size and gene order. Selective constraints operate on the bacterial chromosome in order to maintain a basic organization. Examples of such constraints are the need for the terminus to oppose the origin of replication to minimize chromosomal replication rates (Riley & Sanderson 1990) , and the maintenance of an advantageous orientation of transcription relative to the direction of replication (Brewer 1990 ). Further constraints have been outlined by Bergthorsson & Ochman (1997) . Thus, to compensate for any negative effects that could be caused by changed genome structure the added benefit of the information provided by the new DNA must be considerable. Extrachromosomal DNA, on the other hand, can be allowed to reside in the cell with less constraints and mediate exchangeable potential features to the cell.
Bacterioplankton require physical transport of water parcels for efficient genetic transfer to occur over large sea areas. Eilola (1998) produced a valuable estimate of horizontal transfer of water, using spreading of juvenile fresh water as a tracer. When comparing these results obtained in the Baltic Sea to tracer experiments in other sea areas, Eilola arrived at an average spreading velocity of 5 cm s-'. This means that within months surface waters will spread and mix over large sea areas (Eilola 1998) . A second important route for the transfer of bacterial DNA is sea spray (Blanchard & Syzdek 1970 , Baylor et al. 1977 . Bacteria, as well as potentially transducing phages, could be transported at windspeeds typically ranging from 5 to 20 m S-', which means a 100-fold higher transfer rate than surface water transport.
In the present study, we concluded that although a few species could be found widely distributed in different oceans, more commonly 'worldwide' distributions could be assigned to bacteria at the genus level. This result is in agreement with a low degree of community DNA hybridization between samples from different sea areas (Lee & Fuhrman 1991) , and the records of ubiquitous identical clones (DeLong 1992 , Mullins et al. 1995 ). An encouraging observation in our study was the high proportion of cultured isolates that demonstrated high similarity to reported environmental clones. This indicates a wealth of diverse indigenous bacteria yet to be explored under culture conditions.
